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▼High-resolution fluorescence in situ hybridization (FISH),
so called FIBER-FISH, was first described by Heng et al.
in 1992 for long stretched DNA fibers (Ref. 1) and was
later modified by other investigators (e.g. Ref. 2, 3). The
resolution using cosmids on DNA fibers was restricted by
the length of the visible, decondensed DNA strand (up to
150−450 kb). Using earlier protocols, it was not possible
to obtain a coherent DNA strand to show a longer section
of cosmids in direct orientation. Furthermore, only freshly
prepared lymphocyte suspensions could be used.
Here we describe some simple yet very efficient modifica-
tions of the protocol of Fidlerova´ et al. (Ref. 2) for stretched
chromosomes that allow the presentation of cosmids over
a region of about 1.5 Mb in a linear orientation. Thus, the
visualization of genes in transcriptional orientation is pos-
sible over a larger range. Moreover, the modified treatment
allows the use of archival suspensions of cultured lympho-
cytes. The main modifications are:
a special treatment of lymphocyte suspensions of up to two
years old (for culture and preparation see Ref. 4, 5, 6);
the disruption of nuclei by a shortened incubation in
phosphate-buffered saline (PBS) before alkaline treat-
ment; and
the release of chromosome fibers from interphase nuclei by
special treatment of the slides.
With these modifications we were able to obtain re-
leased chromosome fibers which were suitable for a high-
resolution two-color FISH. The linear localization of three
cosmids in a 1.5 Mb region could be demonstrated (Fig.
1). On average, on each slide about 50 fibers show one or
more cosmid signals. An average of 15−20 fibers (30−40%)
are labelled with the complete cosmid combination in a
structural orientation.
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Protocol
1. The lymphocyte suspension is centrifuged (1000
rev/min, 10 min, room temperature) and the super-
natant is discarded. New fixative (methanol:glacial
acetic acid 3:1) is added and, if the suspensions are
more than one year old, the procedure is repeated. The
number of cells is determined by a Fuchs−Rosenthal
hemocytometer and the final concentration should be
106 nuclei per ml.
2. On a clean, moist slide a circle 2 cm in diameter is
drawn with a diamond pencil. In this circle, 20 µl of
lymphocyte suspension is placed and left to dry for
20 s before the slides are incubated in 100 ml PBS
(BIOCHROM, L182-10) solution in a coplin jar at room
temperature. Fresh lymphocyte suspensions (up to six
months old) are incubated for 1 min, older ones (six
months and more) only for 30 s.
3. After removing the PBS solution (but not allowing the
slides to dry out), 100 µl of 0.5 M NaOH/30% ethanol
is placed within the circle for 30 s to disrupt the nuclei.
Care is taken never to allow the fluids to spread out of
the circle. Then 100 µl of fresh methanol is added on
the circle in the sameway. After air drying, the slides are
scanned using a light microscope. The disrupted nuclei
have a compact short ’tail’ (comprising DNA fibres).
4. The slides are incubated overnight at 60◦C and then
stored at −20◦C.
5. FISH was carried out according to standard protocols
(e.g. Ref. 6).
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FIGURE 1. Typical high-resolution FISH on a stretched chromosome fiber. The DNA is coloured blue by diamidinophenylindol (DAPI) counterstaining.
The image was captured with the ISIS digital imaging system (MetaSystems) using a XC77 CCD camera (Sony) with on-chip integration and an Axiophot
microscope (Zeiss). The distance between the two green signals of the cosmids c74F4 (Ref. 7) and c112C10 (Ref. 7) is 1.5 Mb. The cosmids are specific
for the proximal and distal CMT1A-REP elements which flank the so-called CMT1A/HNPP region on chromosome 17p11.2−12. The red spot in between
is produced by the cosmid c132G8 (Ref. 7) which indicates the PMP22 gene (for details of CMT and HNPP disease and PMP22, see Ref. 8).
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Products Used
PBS: PBS from Biochrom
ISIS digital imaging system: ISIS digital imag-
ing system from Jackson ImmunoResearch Laborato-
ries Inc
CCD camera: CCD camera from Photometrics
Axiophot: Axiophot from Carl Zeiss
microscope (Stemi 2000): microscope (Stemi
2000) from Leica Microscopy & Scientific Instruments
Group
Axiophot: Axiophot from Carl Zeiss
microscope: microscope from Carl Zeiss
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